Introduction
Hydrazones and hydrazines have gained considerable interest in recent years owing to their wide variety of biological and pharmacological properties. 1−5 Hydrazones are important sources for the synthesis of heterocyclic compounds 6−8 and they are members of Schiff base family, comprehensively studied because of their catalytic properties in various fields and partly for their biological activity. 9−14 Those versatile organic compounds have a general formula of R 1 R 2 C = NNR 3 R 4 in which there are two amino-type nucleophilic nitrogen atoms and a carbon atom with nucleophilic and electrophilic character. 15 Both of them constitute the active centers of hydrazines; they generate the characteristic physical and chemical properties of hydrazones.
16,17
Hydrazones have some common properties of being easy to prepare, a tendency toward crystallinity, and better hydrolytic stability relative to imines. Their synthesis is generally performed by the reaction of hydrazine with aldehydes, ketones, and other such carbonyl compounds in solvents like ethanol, methanol, and butanol. 18−20 Heteroaryl Schiff bases possess additional donor sites with respect to hydrazone Schiff bases and this brings a versatility that makes them good chelating agents. 21 Moreover, they have a relatively high tendency to yield stereochemistry of higher coordination numbers, neutral or deprotonated donor properties, and flexibility providing different conformations.
12,16
The synthesis and the evaluation of possible antimicrobial, 22, 23 antifungal, 24 antitumoral, 25, 26 and pharmacophoric inhibitors of some key enzymes in metabolic pathways with factors leading to cytotoxicity that could be used in pharmacological strategies against many diseases and disorders. 35 No matter which mode of operation they have, most efforts spent on these molecules to offer alternative drugs with less toxicity and higher activity lead researchers to first evaluate the basic properties of new derivatives, such as antioxidant capacities.
36,37
Free radicals are biochemically reactive molecules generated during normal metabolic processes; however, their amounts reach critical levels under oxidative stress conditions. In such circumstances, reactive oxygen species (ROS) are produced. Natural or synthetic antioxidant compounds prevent the formation of those compounds or neutralize them, and they are also used in repair of the damage caused by ROS.
38,39
In the present study, novel hydrazone derivatives were designed and synthesized via condensation reactions between methyl hydrazine and 2-(prop-2-yn-1-yloxy)benzaldehyde derivatives. Their antioxidant potentials were also tested using the ABTS assay. In this assay, 2,2'-azino-bis(3-ethylbenzthiazoline-6-acid) (ABTS) is turned into its blue/green radical cation (ABTS • +) with the action of potassium persulfate, which is a strong oxidizing agent. The ABTS • + cation is highly reactive towards antioxidant compounds and soluble in both aqueous and organic solvents. This makes it very useful for the determination of the antioxidant capacity of both lipophilic and hydrophilic antioxidants. 40 In addition, this assay can be applied over a wide pH range without affecting the ionic strength of medium. A simple method for the preparation of 2-(prop-2-yn-1-yloxy)benzaldehyde 3 involves the S N 2 nucleophilic substitution reactions with propargyl bromide 2 under basic conditions. Using this approach, a variety of 2-(prop-2-yn-1-yloxy)benzaldehydes (3a, 3b, 3c, 3d, and 3e) were synthesized as starting compounds (Scheme). When 2-hydroxybenzaldehyde was allowed to react with propargyl bromide 2 in the presence of potassium carbonate, corresponding 3a was formed in 82% yields. While the highest yield (92%) was obtained from the reaction between 2-hydroxyl-4-methoxybenzaldehyde 1d and propargyl bromide 2, the bromo-substituted aldehyde 1b gave a very low yield of the expected intermediate 3b. Moreover, 3a, 3c, and 3e were also isolated in good yields (Scheme).
After preparation and characterization of 2-(prop-2-yn-1-yloxy)benzaldehyde 3, the condensation reactions between 3a-3d and methyl hydrazine were used for the formation of corresponding hydrazone derivatives (4a-4e). When 3a underwent a condensation reaction with methyl hydrazine in dioxane at room temperature under inert atmosphere, desired product 4a was obtained in 98% yield. The scope and limitations were tested for a variety of groups including electron-withdrawing groups (NO 2 ) , electron-donating groups (MeO-), halogen (Br), and poly-aromatics (naphthyl). When 3b was allowed to react with methyl hydrazine for the formation of 4b, the yield was found to be 85%. When a strong electron-withdrawing nitro group present on phenyl 3c reacted with the same hydrazine to form the corresponding hydrazone, the yield (84%) of 4c was found relatively lower than that of electron-donating methoxy-substituted aromatic 4d(96%). Moreover, poly-aromatic compound 3e was applied for the synthesis of corresponding hydrazone 4e and the yield obtained was 88%. These results showed that the reactions between 3 and methyl hydrazine can be easily used in synthesis of novel hydrazone derivatives 4. In addition, these hydrazones may be readily elaborated for more complex products from propargyl groups by using known chemistry.
42−44
1 H NMR and 13 C NMR spectra of 4a-4e were recorded in CDCl 3 solvent. Aromatic peaks were observed between 7 and 9 ppm. Moreover, acetylenic hydrogens (≡ ≡− −) gave rise to shielded hydrogens or relatively high-field chemical shifts for 1 H NMR. This could be explained by the cylindrical π − π cloud around the carbon-carbon triple bond. The 1 H NMR spectra of 3 and 4 show a high-field signal due to the acetylenic hydrogen on the terminal alkyne. The acetylenic protons appear as a singlet at 2.5 ppm. Propargyl groups had also a CH 2 and it was found around 4.8 ppm. Interestingly, CH 2 was also affected by the acetylenic proton and gave a doublet on 1 H NMR due to long-range proton-proton couplings ( Figure 1 ). 45 The 13 C NMR signals for propargyl groups of 3 and 4 were shifted upfield between 60 ppm and 80 ppm. After isolation of the desired compounds, it was observed that there was a singlet at 3 ppm for methyl's protons (NHCH 3 ) and a singlet 
Antioxidant capacities
When the synthesized structures were analyzed for their electron density, it was observed that the strong electron-withdrawing groups, such as nitro groups, draw electrons away from the aromatic ring. This is known as the polar effect or electronic effect in chemistry. Therefore, electrons of hydrazone's nitrogen atoms were forced to move to the aromatic ring. As a result of the polar effect, the N-H bond in the structure of hydrazone is weakened, which increases the tendency of reacting with the ABTS molecule. It was observed that more polar hydrazones were more amenable to react with ABTS compared to less polar ones.
A possible reaction mechanism between ABTS and 4 was proposed. First, ABTS was allowed to react with the strong oxidant potassium persulfate and its cationic radical intermediates were formed. During this reaction, the colorless neutral form of ABTS is converted into its blue/green ABTS radical cation. The radical is then shifted onto the nitrogen atom between the two aromatic rings of ABTS (7). In the next step of the mechanism, there exists a radical substitution reaction by the interaction of the formed intermediate 7 with hydrazone 4 and colorless ABTS + carbocation form 8 is generated. Meanwhile, hydrazone radical 9 is obtained mechanistically ( Figure 3 ). The same mechanism pattern was applied for the other derivatives.
All synthesized hydrazone derivatives 4a-4e were tested to find the antioxidant capacities. According to the experimental results of the ABTS assay, calculated EC 50 values reveal an order of 4b > 4d > 4e > 4a > 4c for all analyzed derivatives. In addition, their antioxidant capacities were found as 4c > 4a > 4e > 4d > 4b. The highest antioxidant capacity was measured for structure 4c including a strong electron- In the ABTS assay, the measured antioxidant capacities of hydrazone derivatives were compared with Trolox and they were predicated as the ratio of µ g trolox/µ g derivated hydrazone. Referring to Figure 4 , while derivatives 4b and 4d could not reach the antioxidant capacity of the general standard of Trolox, 4c, 4a, and 4e surpassed this level by different percentages ranging from 22% to 68%. By exceeding the antioxidant capacity of Trolox, those derivatives have considerable potential to be used in the design and further derivatization of more biologically active agents.
Conclusions
In the present study, a novel synthetic route to a variety of methyl-2-(2-(prop-2-yn-1-yloxy)benzylidene)hydrazines 4a-4e by the condensation reaction of methyl hydrazine and 2-(prop-2-ynyloxy)benzaldehydes has been developed. The reaction tolerates a variety of 2-(prop-2-yn-1-yloxy)benzaldehyde and affords the corresponding hydrazones in good to excellent yields. This methodology provides a useful new route for the synthesis of substituted methyl-2-(2-(prop-2-yn-1-yloxy)benzylidene)hydrazine, which should display promising antioxidant properties. The EC 50 values of the synthesized compounds were found to increase in the order of 4b > 4d > 4e > 4a > 4c. 4a and 4c were determined as the most potent scavengers of the ABTS• + cation radical and compound 4c showed a considerable degree of antioxidant capacity as it exceeded the level of Trolox by about 1.7 times.
These results might help in the development of new antioxidative drugs with important pharmaceutical functions by giving the advantage of the design and further derivatization of more biologically active agents.
Experimental
The design, synthesis, and biological properties of novel hydrazone derivatives were studied. Synthesized molecules were determined by 1 H and 13 C NMR. 1 H and 13 C NMR spectra were recorded on an Agilent NMR (400 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm) downfield from an internal trimethylsilane reference. Coupling constants (J) were reported in Hz. In addition, spin multiplicities were presented by the following symbols: s (singlet), brs (broad singlet), d (doublet), t (triplet), q (quartet), and m (multiplet). 13 C NMR information was given in parentheses as C, CH, CH 2 , and CH 3 . Flash chromatography was performed using thick-walled glass columns and flash-grade silica (Merck 230-400 mesh). Thin-layer chromatography was performed using commercially prepared 0.25-mm silica gel plates and visualization was done with a short-wavelength UV lamp. The relative proportions of solvents in chromatography solvent mixtures referred to the volume-to-volume ratio. Absorption spectra were measured on a Thermo Scientific Multiskan GO UV-VIS spectrophotometer. All commercially available reagents were used directly without purification unless otherwise stated. All the solvents used in reaction experiments were distilled for purity. Inert atmosphere was created by slight positive pressure (ca. 0.1 psi) of argon. All glassware was dried in an oven prior to use.
Synthesis of compounds

General procedure for the synthesis of 2-(prop-2-ynyloxy) benzaldehydes
The corresponding 2-hydroxybenzaldehyde (10 mmol) was dissolved in DMF. Then 3-bromoprop-1-yne (1.5
equiv.) and potassium carbonate (1 equiv.) were added at room temperature. The resulting mixture was flushed with argon and stirred at room temperature for 4 h. After the reaction was over, the reaction mixture was cooled at 0 • C, filtered, and washed with distilled water to afford the desired corresponding product.
2-(Prop-2-ynyloxy)benzaldehydes (3a)
Purification by filtration afforded the product as a light yellow solid (yield: 
5-Bromo-2-(prop-2-ynyloxy)benzaldehydes (3b)
Purification by filtration afforded the product as a white solid (yield: 
4-Methoxy-2-(prop-2-ynyloxy)benzaldehydes (3d)
Purification by filtration afforded the product as a light yellow (yield: 
General procedure for the synthesis of 1-(2-(but-3-ynyl)benzylidene)-2-methylhydrazines
The corresponding 2-(prop-2-ynyloxy)benzaldehydes 3 (0.5 mmol) were dissolved in dioxane (2 mL). Then methylhydrazine (2 mL) was added at room temperature. The resulting mixture was flushed with argon and stirred at room temperature for 1 h. After the reaction was over, the solvent was removed under vacuum and the residue was purified by column chromatography over silica gel with hexane-EtOAc (9:1) to afforded the desired hydrazones.
1-(2-(But-3-ynyl)benzylidene)-2-methylhydrazine (4a)
The product was isolated as a brown oil (yield: 
1-(5-Bromo-2-(but-3-ynyl)benzylidene)-2-methylhydrazine (4b)
Trolox equivalent antioxidant capacity (ABTS assay)
All chemicals used in the ABTS assay, including 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), potassium persulfate (K 2 S 2 O 8 ), and methanol (CH 3 OH), were purchased from SigmaAldrich. Antioxidant capacities of synthesized hydrazone derivatives were determined according to the modified method of Re et al. 48 First the ABTS stock solution was prepared in dH 2 O, including ABTS (7 mM) and potassium persulfate (2.45 mM), by incubating at room temperature for 12-16 h. Then, in order to obtain a working ABTS solution, the ABTS stock solution was diluted with methanol to achieve an absorbance of 0.700 ± 0.02 at 734 nm. Hydrazone derivatives and Trolox (standard) were dissolved in methanol and diluted with methanol. Finally, a standard or synthesized hydrazone compound was mixed with the ABTS working solution (1:1) and incubated in the dark at 25
• C for 30 min. Absorbances of standard/synthesized compounds and a control tube, containing only methanol and ABTS, were measured at a wavelength of 734 nm. All measurements were done in triplicate under dim light. Trolox was used as an antioxidant standard.
The percentage of radical scavenging capability was calculated using the following equation:
RadicalScavengingCapability(%) = (ControlAbsorbance-SampleAbsorbance) (ControlAbsorbance) × 100
The EC 50 value is the concentration of a compound that is able to reduce the absorbance value of the ABTS•+ radical cation solution to half of its original value. This value was obtained from the linear curve of radical scavenging capability versus different concentrations of tested compound.
